Abstract
Introduction

Oil extraction
Fried vermicelli samples were subjected for the extraction of total fat and oil by applying Soxhlet extraction method using hexane as a solvent [14] . Total oil content was calculated as percentage mass of the sample. Extracted fried vermicelli oil was transferred into vials and kept at -4 °C until further analysis.
Determination of fatty acid composition
Fatty acid composition of fried vermicelli was analyzed by preparing Fatty acid methyl ester (FAME) using IUPAC standard method [15] . GC-MS chromatograms of fried vermicelli were recorded via Agilent GC-MS. Obtained data was analyzed using ChemStation software. For identification of fatty acids in fried vermicelli, NIST and Wiley libraries were used to compare the fatty acids by matching >90% similarity.
Gas chromatography -mass spectrometry conditions FAME were analyzed on gas chromatography (Agilent 6890 N) coupled with a mass selective detector (Agilent MS-5975) and an auto sampler injector (Agilent 7683-B) (Little Fall, NY, USA). For the separation of FAME, 5% phenyl methylsiloxane (HP-5MS) capillary column having 30 m length with internal diameter of 0.25 mm from Agilent Technologies (Palo Alto, CA, USA) was used. Initial oven temperature 150 oC was set for 2 min and ramped at 4 C/min up to 230 °C and hold for 5 min. Helium was used as a carrier gas with flow rate of 1ml/min and a split ratio 1:50. Temperature of injector and detector was set at 240 °C and 260 °C, respectively. Electron impact (EI) ionization source at 70 ev in mass spectrometer was used with the scan range of 50-550 m/z as reported in earlier study [16] .
Statistical analyses and сalculations
Peaks were identified by GC-MS libraries of NIST and Wiley and percentage of fatty acids were quantified by area percent method.
Fourier Transform Infrared spectroscopy
All the infrared spectra of Fried vermicelli samples were recorded using Nicolet 320 Fourier transform infrared (FTIR) spectrometer (Thermo Nicolet Analytical Instruments) Madison, WI, USA with ZnSe Single bounce ATR accessory (Spectra-Tech, Shelton, CT) with KBr beam splitter and deuterated triglycine sulphate (DTGS) detector. OMNIC software (version 7.3) was used for the instrumental control and acquisition of data. 24 accumulated scans with the resolution of 4 cm -1 in the range of 4000-650 cm -1 were set for recording spectra. Background spectrum was collected before acquiring each spectrum of sample. Soft tissue and hexane were used for the cleaning of ZnSe crystal after every sample.
Results and discussion
Snack food products are of wider interest for food researchers because of its high consumption. Fried vermicelli is one of the common snack food in sub-continent especially in Pakistan. It is a type of pasta, round in section and somewhat thinner than spaghetti. It is prepared using different recipes and looks like thin vermicelli usually roasted/fried in oil/fat until light brown color appears. Initially, the samples were subjected to oil extraction using Soxhlet extractor to know the exact oil content. High percentage of oil content was observed in all fried vermicelli samples (19.77 and 32.99%). The highest amount of oil was extracted from fried vermicelli-14 and minimum quantity was found in fried vermicelli-18. Table 1 shows the fatty acids composition of fried vermicelli expressed in percentage. In analyzed samples, palmitic (C-16:0) and stearic acid (C-18:0) were present in higher amounts, whereas dodecanoic (C-12:0), myristic (C-14:0) and arachidic acid (C-20:0) found in relatively low quantities. Among SFA, palmitic acid in fried vermicelli was present in the range of 34.6-47.5%. The stearic acid in fried vermicelli was present in the range of 4.76-10.6%. Oleic acid was observed as main contributor among MUFA in fried vermicelli samples. The percentage of oleic acid was found between 27.2-37.0% in fried vermicelli. Among MUFA, elaidic acid (trans fatty acid) was also detected in all fried vermicelli samples. The trans fatty acids in fried vermicelli was quantified in the range of 12.0-24.3%, highest and lowest value was found in fried vermicelli-17 and vermicelli-2, respectively, which indicated that fried vermicelli prepared in hydrogenated oil. Nutritional values of PUFA are very important because of essential FAs. The amount of PUFA in fried vermicelli samples was observed comparatively in less quantity (0.66-5.99 %). Linoleic acid (C18:2) was the main fatty acid in PUFA group. Table 2 shows the fatty acid ratios and nutritive values of the fried vermicelli. SFA/UFA ratio showed co-relation of two main fatty acid groups. The value of this ratio was found between 0.72 -1.92, indicated that SFA proportion present in higher amount. It has been reported that high ratio increases plasma very low density lipoprotein (VLDL) lipids and reduces the hepatic hypertriglyceridemic effect [17] . The minimum value of cis PUFA/SFA ratio set as 0.45 by British Department of Health, UK [18] . In this study, cis PUFA/SFA ratio were found lower than recommended limits in fried vermicelli samples which are not good for health in terms of CVD. Highest value of cis PUFA/SFA was found in fried vermicelli-12 (0.103) and minimum in fried vermicelli-3 (0.013). Trans FA/cis FA ratio is also a very important parameter which shows the degree of conversion of cis to trans configuration. In current study the ratio was found between 0.1 and 1.81. Higher values of this ratio indicated higher proportion of hydrogenated oil. cis PUFA/SFA + TFA and cis MUFA + cis PUFA/SFA + TFA are commonly used to express nutritional value of edible oils and fats [19] . In this study the values of cis PUFA/SFA + TFA were found between 0.01 and 0.097, whereas cis MUFA + cis PUFA/SFA + TFA ratio were found in the range of 27.7 to 37.05 in fried-vermicelli. 
ATR-FTIR spectra of fried vermicelli
The representative FTIR spectra of extracted oil of fried vermicelli are shown in Figure 1A . The assignments of the bands corresponding to the stretching vibration modes are usually easier than the assignments of the bands corresponding to the bending vibration modes due to overlap [20] . The stretching vibration band at 3004 cm -1 and two intense bands at 2920 cm -1 and 2851 cm -1 correspond to the cis double-bonds and asymmetric and symmetric stretching vibration of aliphatic C-H 2 functional groups, respectively.
Intense band of carbonyl functional group of triglycerides appear at 1742 cm -1 , the aliphatic groups of the CH 2 
FTIR spectral pre-treatment and data correction
For the FTIR quantification of various fatty acid groups and their ratios, different regions of the mid IR range were used to construct suitable model using 1st and 2nd derivative spectra in order to improve regression values as compare to the pure absorbance signal. Figure 1A , 1B and 1C shows normal, 1st derivative and 2nd derivative spectra of extracted fried vermicelli oil, respectivley. Table 3A and Table 3B illustrates the quality parameters based on Fig 2A and Table 4A and Table 4B show the results of fatty acids groups and fatty acids ratios respectively, obtained from GC-MS and FTIR with difference between them. In all the developed FTIR models, there is very little difference compared to GC-MS results. 
PLS models
Conclusion
In the present study, fried vermicelli was completely analyzed for their fatty acid profile including various groups and ratios by GC-MS. Based on results, it was concluded that fried vermicelli contain high percentage of oil ranging from 19.77 and 32.99%. Fatty acid composition revealed that SFA and MUFA present in higher amount as compare to PUFA in fried vermicelli. All fried vermicelli samples showed higher trans fatty acids which indicated that samples were prepared in hydrogenated oil. Furthermore, fried vermicelli also showed less nutritional values in comparison to recommended values of trans fat and cis PUFA/SFA ratio set as 0.5% and 0.45, respectively. FTIR spectroscopy successfully applied to quantify fatty acid groups and ratios in fried vermicelli using chemometric. The developed PLS models showed higher correlations (>0.99) with less calibration error. The selected wavelength regions can be used to quantify the fatty acid group and their ratios using FTIR with least analysis time without using organic solvents.
